Short title: Mapping the proteome of a cyanobacterium 15 One sentence summary: The most extensive proteome map of an entire 16 cyanobacterial cell demonstrates that thylakoid and plasma membrane proteins have 17 distinct functions and that metabolic pathways are dispersed throughout the cell.
In order to fractionate cellular components, Synechocystis cells were cultured to late-154 logarithmic phase (Supplemental Fig. S1 ) under continuous moderate light (60 µmol 155 photons m -2 s -1 ) with air-bubbling at 30°C. Growth conditions and cell harvesting are 156 similar as those performed in studies where membranes were isolated using two-In total, the MS analysis resulted in the identification of 2,445 proteins (Supplemental 182   Table S2 ; Supplemental Table S3) Table S4 ), suggesting that this may be the 193 core proteome expressed under these laboratory conditions. 318 proteins were only 194 detected in our study ( Supplemental Table S5 ), while 334 were unique to Spat et al 195 ( Supplemental Table S6 ). These differences are likely due to the physiological Supplemental Table S8 ) were used to identify which clusters on 215 the plot correspond to which subcellular regions. This resulted in identification of 216 distinct clusters corresponding to certain subcellular regions, including the PM, TM, 217 small ribosomal subunit, large ribosomal subunit and soluble proteins, without the 218 need to obtain pure membrane fractions. 219 The localisation of previously unclassified proteins was achieved by matching their 220 profiles along the sucrose gradient to the marker protein profiles. This was carried 221 out using supervised classification with a support vector machine (SVM) (Gatto et al., 222 2014) to assign unclassified proteins, defining the boundaries of the subcellular 223 regions (Fig. 4C) , and producing an SVM score for each protein and a predicted 224 localisation. The SVM score is a measure of the confidence with which the protein 225 was classified. The majority of assigned proteins (1,054) were found to be soluble, 226 followed by those that were localised to the PM (436) or TM (147), with only a small 227 number associated with the small (29) and large (45) ribosomal subunits, including 228 the protein markers themselves ( Supplemental Table S3 ). No integral membrane 229 proteins localised to the soluble fraction ( Fig. 4D) , although a large number of 230 proteins lacking transmembrane helical domains (TMHs) ( Supplemental Table S3 ) 231 localised to the PM and TM. The remaining 734 proteins were not classified into any 232 of these subcellular locations, and were thus given an 'unclassified' allocation. Of the 233 1,168 unknown and hypothetical proteins, 56 were TM localised, 233 PM localised 234 and 467 were found to be soluble. Seven and five proteins were associated with the 235 small and large ribosomal subunit fractions, respectively. Further description of the 236 localisation of sets of proteins including those with a previously assigned function is 237 given in detail in the supplemental information, along with comparisons with 238 published localisation information.
239
Further subcellular regions and compartmentalisation within the cell were observed.
240
For example, the PM proteome grouped into two distinct regions ( Fig. 4C, 5A ). A 241 small proportion of transport and binding proteins were sub-localised within the PM 
260
Of the previous studies on subcellular distributions of Synechocystis proteins, the 261 most comprehensive list was achieved by Liberton and co-workers who used 262 quantitative proteomics coupled with two-phase separation of cellular membranes to 263 determine the protein content of the PM and TM (Liberton et al., 2016) .
264
Supplemental figure S3A shows the comparison of the Liberton data with those 265 presented here. Of note, where both studies assign a protein to either the PM or TM, 266 there is a high degree of overlap between the assignment and very few proteins 267 assigned to the PM by Liberton et al are assigned to the TM in this study and vice 268 versa. There is only limited overall overlap between TM assignments and PM 269 assignments, however, between the two studies (Supplemental Fig. S3B ). This is in 270 part due to the facts that different proteins were identified in both studies and that the 271 study presented here represents the whole cell, whereas the Liberton study analysed 272 only a subset of proteins. Many proteins thought to be TM or PM localised by the 273 Liberton study are not assigned to either membrane here. It is not clear whether the the cell, or that the lack of overlap is a result of the fact that the study presented here 277 returns the steady state location of proteins. Hence, if a TM and PM protein were 278 also elsewhere in the cell, our study would flag it up as 'mixed location'. It is 279 interesting to note that many of the results for the TM and particularly the PM in Liberton's study are assigned to the soluble protein set in the data presented here, 281 demonstrating the importance of mapping the whole cell and not just isolated 282 fractions. Analysis of these proteins shows that only 7% have a predicted single 283 transmembrane domain and the remainder have no predicted membrane spanning 284 regions, so a location in the TM or PM seems less likely.
285
Metabolic pathways are distributed throughout the cell 286 Enzymes involved in metabolism predominantly localised to the soluble region, Supplemental Table S3 ). However, some enzymes, 346 A similar pattern was observed with enzymes involved in biosynthesis of cell wall 347 components (Fig. 7) . The enzymes catalysing the initial steps of the core region of Supplemental Table S3 ). Other proteins associated with photosystems sulfate, urea and zinc. Copper is required in both the cytoplasm and thylakoid lumen. 424 Previously it has been thought that copper is transported into the cytosol and Protein translocation pathways localise to the thylakoid membrane 452 The mechanism by which cyanobacteria target proteins to different membranes is Table S9 ). Of the TM-specific Arabidopsis homologues, six PSI, eight 523 PSII, four cyt b6f and four ATP synthase membrane bound components were 524 identified here, in addition to nine homologues of the chloroplast NADH 525 dehydrogenase like complex (NDH), which is known to localise to the chloroplast 526 thylakoid membrane (Shikanai, 2016) . Out of three TM-specific Arabidopsis 527 homologues not found in these complexes, all localised to the TM in Synechocystis, 528 including two hypothetical proteins (sll1390, slr1470). Therefore, 34 out of 34 TM-529 specific Arabidopsis homologues localised to the same membrane in Synechocystis.
Assembly of cell wall components occurs in both membranes

530
Of the 31 homologous Arabidopsis chloroplast envelope proteins, 22 were identified 531 in Synechocystis, with ten in the PM and seven in the TM, while the remainder were Table S8 ). A Support Vector Machine (SVM) 806 classifier was employed on the combined dataset, with a radial basis function kernel, using class specific weights for classification of unassigned proteins to one of the 808 five defined sub-cellular niches, TM, PM, soluble, small ribosomal subunit, large 809 ribosomal subunit. The weights used in classification were set to be inversely 810 proportional to the subcellular class frequencies to account for class imbalance.
811
Algorithmic performance of the SVM on the dataset was estimated (as described in 812 Trotter et al (Trotter et al., 2010) ). Scoring thresholds were calculated per subcellular 813 niche and were set based on concordance with existing subcellular knowledge 814 annotation to attain a 7.5% false discovery rate (FDR). Unassigned proteins were 815 then classified to 1 of the 5 compartments according to the SVM prediction if greater 816 than the calculated class threshold. with the data presented here, it is interesting to note that very few of Liberton's PM 862 proteins were assigned as TM in this study and even fewer TM proteins assigned as 863 PM, showing consistency between the membranes to which they have been 864 assignments and the results presented in this study. There is only limited overlap 865 between TM assignments and PM assignments, however, between the two studies.
866
This is in part due to the fact that different proteins were identified in both studies. It is 867 most likely due to the fact that the study presented here represents the whole cell, as 'mixed location'. It is interesting to note that there is some overlap with Liberton's 874 TM and particularly PM data with the soluble assignments in the data presented here.
875
Analysis of these proteins shows that only 7% have a predicted single TMD and the 876 remainder have no predicted membrane spanning regions. Supplemental Table S1 . Large-scale proteomic studies of Synechocystis. 898 Comparative analysis was used to investigate responses to environmental changes, 899 whilst a targeted approach focuses on a specific cellular sub-region without changing 900 environmental parameters. Gel-based: proteins separated by PAGE; Shotgun: 901 proteins digested in solution, with peptides separated by fractionation; iTRAQ: 902 peptides labelled with isobaric tags for relative and absolute quantification. Supplemental Table S3 for protein abbreviations. 
Figure Legends
